Background: Primary cytoreduction surgery followed by chemotherapy is the cornerstone treatment for epithelial ovarian cancer (EOC). In patients with a low probability of optimal primary surgical debulking, neoadjuvant chemotherapy (NACT) followed by interval debulking increases the chance of optimal surgery. The aim of this study was to develop a model to identify preoperative predictors for suboptimal cytoreduction. Methods: Medical records of patients with EOC who underwent primary cytoreductive surgery in a referral tertiary gyneco-oncology center were reviewed from 2007 to 2017. Data were collected on a range of characteristics including demographic features, comorbidities, serum tumor markers, hematologic markers, preoperative imaging, surgical procedures, and pathologic reports. Univariate and multivariate analyses were performed to clarify the ability of preoperative factors to predict suboptimal primary surgery. Results: The majority of patients (71.3%) who underwent primary cytoreductive surgery were optimally debulked. Based on the Youden index, the best cut-off point for the serum CA125 level to distinguish suboptimal debulking was 420U/ml with 0.730 (95%CI:0.559 to 0.862) sensitivity and 0.783 (0.684 to 0.862) specificity. Multiple logistic regression results showed that serum CA125 level >420 U/ ml (p value <0.001), the presence of liver metastasis on preoperative imaging (p value: 0.041) and ascites (p value: 0.032) or massive ascites (p value:0.010) significantly increased the risk of suboptimal debulking (logit p = 2.36 CA125 level +1.85 Liverinvolvement +1.68 presence of Ascites+ 2.28 Massive Ascites). Conclusion:The present study suggests that a serum CA125 level >420 U/ml, the presence of ascites or massive ascites and liver metastasis are strong predictors of suboptimal primary surgery in cases of EOC. Based on the constructed model, with any of these 4 factors, the probability of suboptimal debulking in EOC is more than 80%.
Introduction
Ovarian cancer as a common and most fatal genital cancer, is the second gynecologic malignancy in some areas of the world and the most common one in Iran (Siegel et al., 2013; Arab et al., 2013) . Primary surgical cytoreduction followed by chemotherapy is the standard management of epithelial ovarian cancer (EOC) (Chi et al., 2009b; Salani et al., 2008; Karlsen et al., 2016) .
Many studies have confirmed the significant impact of post-operative residual disease size on patient survival (Bristow et al., 2002; Chi et al., 2006; Eisenhaueret al., 2006; Wimberger et al., 2007; Winter III et al., 2007; Chi et al., 2009a; du Bois et al., 2009; Rutten et al., 2015; Wright et al., 2016) . The optimal debulking is defined as a residual tumor less than 1 cm after cytoreductivesurgery (Salani et al., 2008) . The suboptimal surgery results in surgical complications and delay in chemotherapy which are against survival (Chi et al., 2009b; Fagotti et al., 2006) . If the optimal debulkingis impossible, interval debulking surgery after neoadjuvant chemotherapy (NACT) is a good alternative (Wright et al.,2014; Brockbank et al., 2004; Vergote et al., 2010) .
In most cases, if the optimal debulking is feasible, it is preferable to undergo primary surgery, but with the probability of sub-optimal debulking, primary surgery should be avoided (Hacker et al., 2013; Rutten et al., 2016) . Therefore, it is important to predict patients who are not able to achieve optimal debulking. There are no precise and generally accepted indications for NACT in guidelines and recommendations (Karlsen et al., 2016; Stuartet al., 2011) . In various studies, tumor markers, imaging, andlaparoscopy findings have been used to predict optimal tumor resection probability. In several studies, the high level of tumor markers including HE4 and CA125 and hematologic markers have been used as the predictors of suboptimal debulking (Karlsen et al., 2016; Kang et al., 2010; Chi et al., 2000; Gemer et al., 2001; Saygili et al., 2002; Obeidat et al., 2004; Eoet al., 2016; Vorgias et al., 2009; Ashrafganjoei et al., 2016) . In some studies, CT scan findings such as massive ascites, liver parenchymal involvement, suprarenal lymphadenopathy, porta-hepatisinvolvement, intestinal involvement, extensive omental involvement, and diaphragmatic disease have been used for the prediction of suboptimal debulking (Axtell et al., 2007; Salani et al., 2008; Janco et al., 2015; Suidan et al., 2017) . Diagnostic laparoscopy might be used for direct detection of tumor extension and more accurate prediction of tumor resect ability (Salani and Bristow, 2012) .
It is recommended that any decision on primary surgery versus NACT should be carried out by a team including gyneco-oncologist. Despite the above-mentioned trials, a number of patients still face sub-optimal debulking.This study aimed to determine the predictors of suboptimal debulking for the selection of EOC cases for NACT or primary surgery.
Materials and Methods

Study population
In this study,we reviewed the medical records of the patients with EOC, who underwent primary cytoreductive surgery at Imam-Hossein hospital (the tertiary referral center of gyneco-oncology) in Tehran, Iran from 2007 to 2017. The exclusion criteria were: fertility sparing surgery, surgery for tumor recurrence, insufficient medical history and non-epithelial ovarian tumors. The data were collected using a questionnaire containing a range of questions related to demographic features, comorbidities, serum tumor markerslevel, preoperative imaging (sonography and CT scan), surgical procedures, and complete blood count with differentials, pathologic report, stage and surgical optimal /suboptimal outcome. The optimal debulkingsurgery was defined as the size of each foci of residual disease was <1cm after surgery. The last CBC test result and tumor markers were used for statistical analysis.
Statistical analysis
Continuous data were presented as mean and standard deviation, and categorical data were presented as number and percent. To compare two groups, independent sample t-test, Mann-Whitney test, and chi-squared test were applied. Significant variables resulted from univariate analysis were inserted into the logistic regression model.Hosmer-Lemeshow test was used to assess the goodness of fit. After creating the model, the sensitivity and specificity of the model in predictingthesub-optimal debulking surgery in EOC was evaluated. Area under the ROC curve (AUC) was calculated in order to calculate predictive accuracy of the model in distinguishing optimal and sub-optimal patients. Cut points of CA125 were obtained using Youden Index. Predictive accuracy of cut point was assessed by calculating sensitivity, specificity, positive predictive value(PPV), and negative predictive value(NPV). Significance level was set at 0.05. The statistical analysis wasperformed using R statistical software (version 3.0.1).The study was approved by the University of ShahidBeheshti Medical Research Ethics committee.
Results
From the total of 129 patients subjected to the primary cytoreductive surgery, 91 (72.3%) were optimally debulked. In the studied papulation, 34.4% of patients were stage I, 4.7% were stage II, 54.7% stage were III, and 6.3% were stage IV.The mean age of patients was 50.92±12.65 years, and the age of patients ranged from 20 to 80 years. The comparison of different variables in two groups of optimal and suboptimal cytoreductive patients in univariate analysis revealed the significant impact of serum CA125, platelet count (PLT), absolute lymphocyte Table 3 . Logistic Regression Result of Sub-optimal Debulking operating characteristics (ROC) curve of CA-125 was calculated. The related AUC was 0.754 (95%CI (0.671 to 0.826); p<0.001). Using the youden index, the best cut-off point of CA125 level was determined at 420 to distinguish suboptimal debulking with the sensitivity of 0.730(95%CI:0.559 to 0.862) and specificity of 0.783 (0.684 to 0.862). The classification of CA125 cut-off point based on optimal debulking status is presented in Table 4 . According to the constructed model, the probability of suboptimal primary surgery based on the presence of factors is presented in Table 5 .
Discussion
In the present study, Serum CA125 level, massive ascites and liver metastasis are shown assignificantfactors in any decision-making regarding the proper selection of EOC cases for primary surgery or NACT. In the constructed model, the AUC of the suboptimal debulking prediction was 0.874 with 95% CI (0.815-0.934); P<0.001. Serum CA125 test is widely available and comparably cheap. In the present study, serum CA125 cut-off level of 420 U/ ml resulted in a 10.63 fold-increased risk of suboptimal debulking. With the serum CA125 level of more than 420 U/ml, the risk of suboptimal debulking was 91%. The power of serum CA125 level in prediction of suboptimal operation has already been confirmedin many studies (Chi et al., 2000; Gemer et al., 2001; Saygili et al., 2002; Obeidat et al., 2004; Vorgias et al., 2009; Brockbank et al., 2004; Kang et al., 2010) . Brockbank et al., (2004) evaluated the data on 97 advanced ovarian cancers, showed that serum CA125 level is the best predictor of suboptimal operation (OR22.76, 95% CI7.13-72.69) with cut-off value of 586 IU (sensitivity 80.0%, specificity 88.5%, PPV 85. 7%). In a meta-analysis by Skang et al., 2010, serum CA125 level had a strong correlation with suboptimal operation with cut-off value of 500 U/ml. This cut-off value revealed the sensitivity of 68.9% [(95% confidence interval (CI) 62.0-75.1%)] and specificity of 63.2% (95% CI 53.7-71.7%). The positive and negative likelihood ratios were 1.87 (95% CI 1.40-2.50) and 0.49 (95% CI 0.37-0.66), respectively. No doubt, serum CA125 at different levels (420, 500 and 586 U/ml) is a strong predictor of suboptimal debulking (Brockbank et al., 2004; Kang et al., 2010) .
In the present study, thepresence of ascites or massive ascites in preoperative sonography increased the risk of suboptimal debulking 5.36 and 9.79 times, respectively. Regarding the presence of ascites or massive ascites, the risk of suboptimal debulkingwas estimated to be 84% and 90%, respectively.Geresteinet al., (2011) predicted suboptimal cytoreductionin 115 advanced ovarian cancers by massive ascites in preoperative CT images (OR=2.29, P=0.039). Brock bank et al., (2004) regarded ascites as one of the predictors of suboptimal debulking in ovarian cancer (OR 3.30, 95% CI1.03-10.62). Furthermore, Jancoet al., (2015) reported that ascites was significantly correlated to suboptimal debulking (P<0.05) (Janco et al., 2015) .
Our results showed that liver metastasis in preoperative CT scan, increased the risk of suboptimal debulking6.33 times. In the cases of just liver involvement, the risk of suboptimal debulking was 86%. Parenchymal liver disease which is the stage 4 of ovarian cancer is regarded as a guide to NACT selection (Nelson et al., 1993) . In a study by Janco et al. (2015) , liver metastasis was reported to be significantly correlated with suboptimal debulking (P<0.001).
In the study of Karlsen et al., (2016) on the creation of a model for suboptimal resection prediction, serum CA125 with the AUC of 0.678 was a predictor of suboptimal resection surgery. While in our study, CA125 AUC was 0.754 in the prediction of suboptimal debulking and the model AUC was 0.874. Rudy S. Suidan et al., (2017) described 3 clinical and 8 radiologic criteria as the predictors of surgery outcomes. They reported that in the multivariate model, age (≥ 60 years), serum CA-125 (≥ 600 U/mL), American Society of Anesthesiologists class (ASA: 3-4), lesions in the root of the superior mesenteric artery, splenic hilum/ ligaments, lesser sac N1 cm, gastrohepatic ligament/ porta hepatis, fossa/intersegmental fissure, suprarenal lymphadenopathy, small bowel adhesions/thickening and moderate-severe ascites were significantly associated withresidual disease after cytoreductive surgery (Suidan et al., 2017) . Wefound that the presence of one of the four factors (ascites, massive ascites, liver metastasis or serum CA125 level more than 420 U/ml) in patients with EOC increases the risk of suboptimal debulking to more than 80% and in the presence of two factors, the risk would be more than 90%. Therefore, each of them might be a guide to select patients for NACT.
Limitations
First, the study was retrospective which was based on the data from a referral tertiary center of gynco-oncology. Second, based on sample size limitation, we were not able to validate our model. In future studies, this model should be validated in different patient groups with larger sample sizes.
In conclusion, in the present study, the model of suboptimal reduction prediction isas follow: logit p = 2.36 CA125 level +1.85 Liverinvolvement +1.68 presence of Ascites + 2.28 Massive Ascites.
The presence of one of the factors (serum CA125 levels, massive ascites and liver involvement) in patients is the predicator of suboptimal surgery with a probability of more than 80%, while the presence of two of the factors is the predicator of suboptimal surgery with a probability of more than 90%. In this study, we were able to concurrently evaluate the variables affecting the primary surgical outcomes in patients with EOC, which can be used in clinical decision making to select a treatment strategy.
